The functional activity of the liver and the variety of its responses to injury makes the choice ofappropriate tests offunction a difficult task. Because of the highly efficient uptake of bile acids by the normal hepatocyte, the determination of serum bile acid (SBA) concentration has been proposed as a test to detect early changes of liver function not associated with cytotoxicity.
G Franco Abstract
The functional activity of the liver and the variety of its responses to injury makes the choice ofappropriate tests offunction a difficult task. Because of the highly efficient uptake of bile acids by the normal hepatocyte, the determination of serum bile acid (SBA) concentration has been proposed as a test to detect early changes of liver function not associated with cytotoxicity. Several biomonitoring studies have been carried out on subjects occupationally exposed to hepatotoxic substances, by evaluating SBAs as indicators of early liver dysfunction. Even though these studies are not exactly comparable because of the different protocols adopted, most of them show a significant increase in SBA concentrations among the exposed subjects compared with unexposed controls. Furthermore, higher prevalences of subjects with abnormal SBA concentrations occur in those exposed to mixtures of organic solvents. Increased SBA concentrations among the subjects exposed to various xenobiotics have been explained by assuming a change in function of hepatocytes. As regards the nature of the mechanisms involved in the increase in SBA concentrations, recent experimental observations pointed out that some chlorinated aliphatics were able to inhibit cell membrane ATPases and alter cytosolic calcium homeostasis. The lack of any relation, however, between exposure and SBA concentrations remains an important point to clarify and at present prevents the use of measurement of SBA concentrations as an index of effect.
The central role of the liver in the biotransformation of xenobiotics makes it a target organ for occupational and non-occupational xenobiotics. Biomonitoring liver function of subjects occupationally exposed to hepatoxic substances is a difficult task because the present tests do not have the required specificity and sensitivity necessary to explore liver function in such subjects. More sensitive and specific indices to detect effects on liver as a consequence of exposure to hepatotoxic xenobiotics are needed. ' Even though the measurement of serum bile acids (SBAs) was initially considered a research model, this test seems to be both sensitive in showing early liver dysfunction and specific because high concentrations of SBAs are an expression of hepatobiliary defects. Recent Further evaluation considered the behaviour of traditional liver function tests (most measurements of aminotransferase, y-glutamyl-transpeptidase, and alkaline phosphatase activities, and bilirubin concentrations), which were studied together with changes in SBA concentrations. Several studies showed no increase in mean values of the parameters measured, in particular, aminotransferases, and no increase in the prevalence of exposed subjects with abnormal values compared with controls.269 13 16 Therefore, the increase in SBA concentrations precedes that of the indices of cytolysis and thus could represent an index of early hepatic dysfunction. Other studies reported the alteration of at least one parameter together with increased SBA concentration3 12 whereas the remaining studies showed the alteration of at least one parameter not associated with increase in SBA concentration.
"" These last data do not support the hypothesis that change in SBA concentration could indicate early liver dysfunction.
Experimental in vivo studies
In rats exposed to trichloroethylene (via inhalation and intraperitoneal injection) a dose dependent increase in serum concentrations of cholic acid and chenodeoxycholic acid conjugated with glycine and taurine derivatives was found.'8 Furthermore, after treatment with trichloroethylene, serum activities of alkaline phosphatase and sorbitol dehydrogenase were not changed and that of alkaline aminotransferase was raised only at the highest dose, confirming that changes in liver function evaluated by means of SBA concentrations are seen earlier and in the absence of any cytolytic alteration. Similarly increased SBA concentrations occurred after treatment with a-naphthylisothiocyanate, an established compound used as a model hepatotoxin for studying changes in bile flux. These results suggest that the hepatobiliary disturbance could be common for both trichloroethylene and ax-naphthylisothiocyanate even though no mechanism responsible was identified. The relation between dose and increased SBA concentration is clearly proved in the intraperitoneally administered trichloroethylene experiment (whereas the dose dependency is less clear in the experiment carried out by inhalation). This result is not consistent with the data in man, and it is necessary to stress the difference between experimental and occupational exposure to chemicals. In fact, no relation was found in subjects occupationally exposed to various chlorinated aliphatic hydrocarbons (unpublished results), xylene, and toluene.'" Experimental in vitro studies Progress has recently been made in the understanding of normal bile flux mechanisms by the use of isolated hepatocytes and hepatocyte plasma membranes. Each change in the transport mechanisms that control the absorption, transport, and secretion phases could modify the biliary flux that is followed by the increase in SBA concentration. Several mechanisms able to induce changes in bile flux were identified: (1) Na+K+ATPase inhibition, (2) increase in the permeability of the paracellular pathway, (3) cytoskeleton changes, and (4) increase in permeability of smooth endoplasmic reticulum to calcium. Of these steps, most information is available regarding the carrier mediated uptake across the sinusoidal membrane of the hepatocyte. '9 Hepatocellular transport mechanisms were recently investigated in isolated hepatocyte suspensions exposed to 1,1,1-trichloroethane and tetrachloroethylene. The exposure to these chemicals, in doses that did not cause cytolysis and ultrastructural changes in hepatocytes, resulted in the inhibition of uptake of taurocholic acid in a dose dependent manner together with the concurrent inhibition of the ouabain and 2-aminoisobutyric acid transport mechanisms.20 Furthermore, the exposure of hepatocyte plasma membranes to these chemicals resulted in a reversible decrease of ATPase activities, which is known to be an essential mechanism responsible for the almost complete extraction, by means of a Na+ dependent mechanism of cotransport, of SBA from sinusoidal blood. '9 These results, although obtained from in vitro experiments, could provide the biochemical and cellular basis necessary to explain the increased SBA concentrations seen in occupationally exposed subjects. In fact, they showed that the spillover of SBA with the succeeding increase of SBA concentrations in the systemic circulation could be explained as a consequence of the impairment of uptake mechanisms. Moreover, impairment of SBA uptake represents a sensible biological event that occurs earlier than the increase in parameters of cytolysis. 
